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(54) ANALOG-DIGITAL CONVERSION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-bit 
analog-digital conversion circuit which has a high 
precision and a low power consumption and is 
inexpensively made on- chip. 

SOLUTION: An A/D converter 1 consists of a sampling 
and holding circuit 2, circuits 3 to 6 in first to fourth 
stages, a latch circuit 7, and an output circuit 8. Circuits 
3 to 5 in first to third stages are provided with sub-A/D 
converters 9, D/A converters 1 0, and differential 
amplifiers 1 1 . The circuit 6 in the fourth stage is 
provided with only the sub-A/D converter 9. The circuit 
in the first stage has four bits, and each of circuits 4 in 
second to fourth stages has 2 bits. In circuits 3 to 5 in 
first to third stages, sub-A/D converters 9 and D/A 
converters 1 0 are set to the same number (n) of bits. 
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l©@-4SBCD|plSS3-6, 7**HK7, 

10, *S»T>^1 l£«x.£o 4@gC0[eI[S6«1f^ 
A/D3>^-J9/cW4IiS. 1 ©§©0383**4 
fcf^K 2-4RB©HB4B*n-e*l2 tf* Ft* 
£ e 1^3SB©IaIIS3-5CC*jtiT. tWD3> 
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©-£ft£»3, 2 c» htO:^:#<S;^3ti/cT^a^- 
fi?$)l&8m$8. 

m?m3i &wri-u# io 

J? H )V - 7 * a i^&HiiS ift»7 > :/£ *> 6)S -5.^13 
CD-en«fc9 2fcf9 h«i^#<SS§n, 2f3j!pe>Sf* 

^ 'J > ftfcT ^ a 9^ $ ;^^0SS«, 

P * * - T 7~ P ^&H8S > T'i 6^^.^© 

*u -ornate tv. ftmom.omftTi'-Jw^ 30 

[000 1] 

imxom-ir&msfmi i&m&.Ti-u 9 

[0002 ] 40 

[«£fc©8ffi] a^. tr^^ft-^cD^^^^a^© 
jt^tc#t». vrtrnmrnmrnoA/D^is^-zom 
i^A-*< septus . t*7 : ^fg^S!taffl©A/D3> 
^•-^(c«iSia^iii^*5s^sn^/c*. ee*. 2x 

f-;^?^! (2 Xf 9 5 U;U) m 

[0003] ^&fc*9 h«©JfcttC#<,». 2X 

f- 9 v 9 -> »*SC-CB+»tt^ft»lt*»6na < 
7«Co-C*)t. ^JSfig^^-r L S B (Least Significant 
Bit) (i. 5$ ( 1 ) tcjn-TJz^K. 7i-utf\fjm j %<D 50 
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A^SBEffiB ( F S R ; FullScale Range) t fcf htSt 

[0004] lLSB = FSR/2" (1) 

WitK. f 9 HfcrtH Of 9 h-CFSR*52 V©fc§£. 
S(l)*e.LSBB2mVi4^ C©ct^CCLSB 
*J/J>3 < & & <i . 2 X t- 9 ^'-7 => 9 A/D 3 > 

tit, 2Xf -/7'?77 9 i Kt9ti, hJW±£f# 

[0 005]fCC, Sg^A/Dn^-^ify* 
)l>-7i-aif^tmffi <D/Aa»<-*) £Mt>T> 

[ o o o 6 ] -e©«im*. *-r. r-tayxtsmmctt 

n^. ^CC. 1«B©A/D3>><-*©A/D38MS 
** 1SI©D/A3X-?(CM. D/A^?rtf 
^ 0 g^t. ia@(DD/A3>^-$OD/A^Re 

m i r 7- a ^A*ft <b * i © a ©^t>t > yicmz. , 
a»***B-r*. -e©isa©^7>T>7-©ttj73{c»L- 

•C. 2Sl©A/D3^'-$?:fflUtA/D^Mff 
•5o ^C. 2gBOA/D3>^-3'©A/D»S 
£2m@©D/A3>'-<-£{Cflnx.. D/A^^f 
-7. fe>t, 2gi©D/A3>M-$©D/A^RM 
lSe©M9rr>7-©Hi73<»:*2©B©M7TT>7' 

{c^n^.. coat*, mmvmtt&m 

-cmX-ftS. fit. tWiA/D3>;<-$/cW*i5 

mwL<Dm^7>y<omti^A/'D^.m-h. 
3>^--$©f > h®: (tf9 h«^) *5-en-ena, 

b, c©*§^{C«. lSSWA/D^^^-^^^iti 

a^9h. 2Jgg©A/D3>^*-^*>6'l3{4b 

K 3Se©A/D3>/^-^*i6TfiCc fc'-> h©^ 

[0007] ic^t, w>ttfft?«, miaa 

©A/D3 ^ IfiA/ D^©1f >7' 'J > -> 

tt,>m m+lg|©D/A3^-$«D/A^ 

^f5„ oso. #m© 

[0 0 0 8 ] S^CCfc^r. A/D3>«'-$iD 

mztixi,**,. ttc sia©A/D3>^'-^«. a/ 
ztmmz. -eu-c. •9-7-a/D3>^*-^cc(*, m 

[0009] */c. >7 , «. r^-n ^A73ff#* 
fcttWfa©a»r>^©a*i. i^dk©d/A3>^* 

-$©D/A^^<t©ll9> ; &*iiH^S„ D/A^ 
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[B]DlS©1f7-A/D3>^-£©lJ->7*y >^B# 
[0 0 10] COcfc^tC. ^|3vW 7'^ 4*1 

•5,., ^-©/c*. SBfttr * h$#5ii*UT LSB*VJn$< 

[0 0 1 1 ] 

-r. se-^r. y-r>*s-sr^fi*sK<»ffliarjea 20 

[0012] ©±IE0)©J:7ft^#T>7'£CMOSa 
[0013] ®Wffi®ftM^T>^^^b-r-5(c«. 

>7*£flH>-c > -ectfigKDA? 7+%/Jn;* 

temm<Dmmmmm&ffiz.tc 2 n# y t/y 3 

ft£fti>. fttrftfc. Ui#y5/y3>«jft*a5fflLte 
fij§ssa«^ y -> y 3 * ^ovmomicm 
iso ft w*i#ft *k y i/ y 3 »i 4 ^ * ;wt ©0© 

S < ^ £ ©#ll U l< > ft: «> & £ „ 2i#yi"J3>^ 
5i^t, CtifiX8#saifEf k btax^ 

[0014] ®^T>7'©1f >7*U >^*#. 40 

fstov? a /d 3 >^*- * ©-y-> 7* y > ?m&tm c -c 

-e©/c». H^T>^c«^:#ftX;l--U- 

JJ*D»ffi*tf 0 fctf>, U 7 r U > XSEBRtC > -Y 
C-p-?<> U7t U^^SIE^SSKftO-^-rt*. U 
7rU>X HEE#*£5£K: ft £ 4 . A / D ^&fl!ft#fl£ 
"FTS. -Tftto^. &|g©-y:/A/D3>;-c-£;teJ:U>- 
D/A3>^'-5?CC(i, *IOU7TU>^llIi)!P^ 
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(*fctt«8S) ©D/A3>^-^©D/A^aij^ 
(&tclZ&m&) ©f^A/D3>A'-^©A/D^i 
©tyA/Ds^^-^OA/D^ttfftC 

<*fc«««a) ©D/A3>^*-^©D/A^gaaf^ 

[0 0 1 6] C©Wjg«. -!tyA/D3>M*-?(C77 
(2" - 1 ) ffl©3>/<U-3»4igjtS^. t©^Sfc© 
[00 17]Jn^.r. 3>^U-dr{C^g y^a-^M 

i/7 r i/>xffitfi*'h3 < -r^^ii/^ ua>u r 

l/>*ffifci£/jN;? < ITS 4 1/7 r U>*WffilBMK:iftft 
[0018] *»9!BJJBra«**J)Wi-r*fc«)K:ft3 

n/cfe©-c*o-c. ^-©aw«. *5«s^o^©«^ 

i/ $ ;L^&[5|Sg£«{tt-r h C 4 tc * 3 . 
[0019] 

[■w*»*r sfc«>©*a] ft*! 1 tcia*8©$6w 
*-e©si'4-r-s„ 

[0020] mmm2 «:fais©^?a«. ^e*5r^-D ^ 
- 7^ 5? ^^mss 4 f 1 ^ * ^ - r a vmm&t m. 

<Dv >h ffii&fr 2 mw&D*ti <fc 0 . 2 1- ? h «±* * 

< i»£ § titc c 4 *^©s 3 4 -r 

[0021] n^sstceno^ti. &mifiri-u>? 

© ^ h 2 mm<o*ti& *) 2 t h «±7^* < 
w^n/cc 4*-e©sg4-r^„ 

[0 0 2 2 ] a^4(CfetS©^«. U7 7l/>XS 

fiS*4€>c4^€©gs4-r-5 0 mmm5tcum<D5tw 

«. SI3* 5 T^Ui7*-7 :: ^^;i'^lil!fS47 : ^^;l/-r 
^^HSS4M^T>7-4^6fi£S^^--i' 7*7 

>«^S%4 «5. 1/7 r l/>xmffi^*5^^4«S5t^-C 
3 tl tc C 4 * ^ © g S 4 f S . 
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coo23] »3jcJS6 tamoftmx, &m&ri-v? 

[0 0 24] »«3I7 CCSB«<0«W«. *R*7tP y 

A/ D n > ^CDIt > V "J > y«* <fc 0 fef£K:«5E § 
[0 0 2 5 ] 

[0 0 2 6 ) A/D3W<-^Ut if>>OU*~;i/K 
@B2> l©g-4KaO[p|8S3-6, ^**IS»7. 

a*0i»8^6«tessnr(r^. ikb^3«s<d0B 20 

1 0. ft»T>^l 4K@ (A&S) <£>@ 

(taSt) ©HW3B:4tf9 HfJ*, 2-4©g(D[n]B4 
3-5CC*5l^r, 1f:/A/D:3 9 :fe£t>*D/A 

:?>^-* i ootr* hifc (t*? h«jft) nttHDteS: 

[0 02 7 ] ^(C. A/D3>^'-^ KDttfttHW-r 
So -JbKISB 2 0\ T^n^A^m-^Vin 30 

FHB23^6a*3tift:r^oyAAfi#V1n«, 1 13 
S©HB3's«aS3*lS. 

[0 0 2 8 ] lKg<D@B3K::blvT:, t^A/D3> 
Z 9 a yA^M^V inCC*f LT A/D^ft* * 

X = Ai xoF+LSBi xAi xge 



**t^„ 1f^A/DrJ>y^^g<DA/D^gSM*t?&S 
±(44 \Zv Wfls&JVtitfi (2\2 8 ,2 7 ,2 6 ) tt % 
D/A3>^> 1 O^e^StlSi^C, 

*@a7*^urffi#@B8^«a&sft*. mar>7 

lilt D/A3>^-^ 1 0©D/A$fti(S*i7t 
nyA*©#Vin±©3g#**MI-r4. *<D8»7>^ 
HOfflAtt, 2S@<D05§4^$^$nSo 
[0 02 9] 2&B©@B4te*$t,vrtt. 1I3BO0B 
3©«»T>^1 lOffl^KotfLT, l«B©HI83-4 
H«©»ff3MTtoti*. 3Sgc[)[pIB5Ccfec^r 

iaa©H*3in«<o«MWfT^*. *t/c. 2s 

a©@B4^6*±(i2 tr? Wri/Zimt) (2 s ,2 
4 ) #f#6ft. 3Sa©il85*¥)*Tfi2ty hOf" 

[0 030] 4Rg©0B6OC*$lvt:ii, 3|ggCDlPlB 
5©^T>7'1 1 <DW^CC*f It, 1f^A/D3>^ 
-*9#A/D£»*fT^ Tffi2tr^ KD^^iHH 
* (2\2 9 ) tfWfcft*. 
[0 0 3 1 ] 1 -4&a<D@B3-6<Df^*JUfcB;ft 
S7 9^EIB7<:Sr|B|l9(CtHABB8ecSBI a r 
-Tttfefc, «7**0B7tt«HB3--6<Df r ^* 

[0 03 2 ] tttfJ[5|B8y\ T^n^A^ft^VinOl 

est?, s»r>^i i«^T>^c<fcor«jS3ti 

hoF^e>assn4. efoT, isa(DiaB3-'6<D* 
-^-u>j/ixtt 4 a: (2) ^^-Tcfc^cc, y>r>x 

>7'1 l©y-f> (BH^-^-f» Ai -tCMSB 
2-6<7>LSBi i^6^3ti4 0 Sfc. ffiKttKSlY 
tt, SC (3) ccj3Vrj:9tc, ^^>X7-CEiy>f>A 
i iLSBi i^6*3n-5o 
[0 033] 
(2) 



Y= (LSBl + LSB2 /Al +LSB3/(A2 xAl ) +LSB4 / 



(A3 XA2 ) 3 XGE 
*-^-U>y«Xtt/h3l»#3&«AC>3fc», SC (2) 
6. y-f >A1 fccfcO'LSBi ^^^IC^Ci^ 40 

LSBi t*»<tfc}!f#AH 1 S^ot y^>Ai * 

y-f >Ai ^r/jN$<*r^Ci«, *S^-Y^^>«flE 
©a«**<Lfc±r, «BK>BB3^60>e? 
**<T*C£«Cfl&tt6ttlr». lot, 2S^3gti 
JSEbfcW^cctb^r, *3lifc»tt©J:5ec4«t?«i5Ku 

iC^t, 5S«±-C«J3ELfc»^«:tt, A/D 



(3) 

So 

[0034] Sfc. 3t (3) *>6. lSgCDHIB3(DL 
SBl */hS< Ltcm^at. 2~4SSO[alB4-6 
(DLSB2 -LSB4 */h3< Ltcm&£*)i>, S^tt 

^Y©i6ig^**^*<tt*ci*5to*»s. iaa© 

0B3OLSB1 */hS<*i-4Citt, 1 !2@<D|p|B3 
l> e I^T, lSI©H83tl^3t?FKl/**6 

lSBOIslB3t5tr?r heUiCcrSi, LSBi^/Jn 
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[00 3 5]^ &&<D®ffi3~~G<DVy h» ( h 

/c». CMOSpy >;> ^CC<£&:*>?- * ^t^SSKltt 
So £l±©fiS**i65i, 10tyFA/D3>^ 

^-f>r;-i»HtDiiB3*4-tr» n»«, 2-4& 
B©Htt4^6*2tr* Hdflti-ra <«T\ 4-2- 
2-2««<fclr>9) <D#M*Ut>t£#:b^£ 0 
[ 0 0 3 6 ] W;ttf , 4l3^^^^^^>r-3-3-3- 

tj;2>i><D<D. jtM»36Y#t*»<tt*. Sfc* 
^^7-f>T?4-3-3««*ir>fc»^K:tt, ttBtt 

<ftS. -eOT, 4g/<-f^-f>r4-3-2-l» 
[0 03 7] S2CC, ^A/Dn>^-^9©rtaB|Dl 

-y2 2#>6{fJ&3ti*. l/7rU>^SRRI**tH 
DStSttrftO , K«fiU»U:7 t U>^mEE^V rbl 
<tO'<gS{4ffl'JU^TU>XS)I^Vrtl (SSfctt. 
fiffliJU-7Tlx>X^E^Vrb2 fccfcCffiflBffiflBU^rU 

>xmEE«Vrt2 ) MteBW«:Jft*3*rcc»*. * * h 
hflteK) n©^A/D3>^-*9l* (2 n 
- 1 ) fiCDn>/SU-^2 1 £<f;t&o * 
2 Hi, U-^t U>XgJSRCCj:or^g$ti/cU^T 

in*fc«wriwoH»3^5a>SBJr>^ , i Komtj) ± 

[0 0 3 8] ^ 2-4©gCO|pI3g4-6CD^^A/D 
9 tt, 1 tr* HJLhOTOSe^ h 

[0 0 3 9] ^3tC, l-4l3BO|pIS§3~6<fcU^T 
U>^«ffi«Vrbl,Vrtl,Vrb2 f Vrt2 <Djg«9H«*7S 
To lSBfcJ:tf3aB©0B3. 5«l/7 7 l,^l 
ffiKVrtl.Vrtl CC«3K3tl, 2©a*5j:?>'4g:S(DiPi 
SS4, 6«U^r U>^mii^Vrb2 I Vrt2 CcS^^n 

4, U7rU>XSE»^l$ntC^ 0 § 

SO@l»3^6©1f^A/D3>^-^9*5j:O e D/A 
3>^-*10JCtt. aaB3 — 6CcaStt3*lfeU7r 

u > * WEE«tt> e> u 7 r u >^see^«#& ^ntc^o 

[0 04 0] 1 -4&g(E>[s]Sg3-6te:l ocD^ft-F 
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»^3 l±CCJBflE3*ir*>*9^fc3tir(r>*. 2* 
OiftWfiWM T L/ >*SBBS V rtol, V rb2 ttKjfil^ * 
K3 2<DaE«rcSMStl k *(D«fcStt3 3 3 

rf*9^y>ystit^s. *fc, 2#©ffim{iffliju 

7r U^XSffiRVrtl.VrtZ »«H^9 F 3 4 ©ittfiS 

rgi^n, ^oSM^^>-r>it3 5r'f r ^^^y 

[0 04 1 ]/W77^>ifWJ, ^©OlHl3g3, 
B-O^^A/D'a^^^-ar-Q^A/DSHftSrfir^^C** 
10 0$, {ffiKSOISl%4. 6©D/A3>^->10BD/ 
AS»*tT9. S/c, ««I8<DHIB3. 5CDD/Ar3> 
1 0 3WD/AS**tforC»S«F, (S^SOlHlK 

4, eWT'A/Dn^^gtiA/D^MIf^o 

[0 04 2 ] 1f^A/D=i>^-^9«^»On>^U 

[004 3] 43U6»«8tC*JtiT tt, 

BIS 3. 5±ffiifcK<D[pISg4, 6ri/77l/>^lE8 

t ^ A/D 3 > A- ^ 9 © A / D^illlft (C J: o t U 7 

®) ©D/A3>/<->l 0©D/Afflft»f¥Cca»» 

[0 0 44] U7 7U>XlE»i§3>f ; >f 

30 3 3. 3 5t!f*y ^y>yStl-Cl>*fc». U^ T U 
>XWBEra£:a>? r >U- 3 3, 3 5(Z)SS^ct:^rHS 

ffc3n& 0 fif^r, 3>au-^2hc^3^^^> 

3 » a*S1(DM11SBS3 >ir>1f 3 
3, 3 5CCj:or^iR$n6o MtcmZ-i*. 3>-r*l/- 
* 2 l «:«tt*5**fflc>fc»^«:tt, t u>*«BE 

««C*C*-/-f X^ttt»fc», §3>f>f3 3, 3 
5©SK/h8<ltt<fc< 1 /^XWtC^&^ti 
^&^>T r >1f3 3, 3 5*S< CifepJffir*S. 
40 [0 0 4 5] iC5t, H^T>^1 ltt, T^U^A 
^fi-^Vin^/c«lu^O[5IS§3. 4©S»7>^110 
W^<b, H0ia:C[)[B|B3'-5OD/An>^<-^ 1 0<D 
D/A«WS»i©«»*i«l'r*. D/AgaMS» 

T^pyA^ff-^Vin4/c«mrS©lilS83. 4CD^ 
#t>^i loffl**. -eogcD[HlK3-5CcA^;5n 

ArattS*W»6tl**r«W, T^PyA*ff-^Vin 
SAiiMtBtOiaKS. 4©i»7>^ll©lll*tt> 

50 [0 04 6] H4{c^TJ:9Cc, fS»T>^l 
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l<D1f>^y>^* (HtSA) g]DmO[HlK3-' 

b) i*mwc««u-ct»fc. ctiit PL;©cDiPigg3 

[ 0 0 4 7 ] *Wfc»»CB. H5CCSWJ:5K:, ^ 

Hffi3-5 01^^A/Dn>^-^9<D1f>^U >^B# 

[0 04 8] t©fi«, [5]Dl3CD[pIgg3-'5CC*Jl>T. 
H#T>7'1 1 0^>^*;^BE<b1t^ r A/Dn>^^^ 

ateJta f 3SB<DlII»4. 50b'^hMii2b , 7Fi 

*furc:<ffl!3^r*s 0 fie^r, -e<D-^>^miitc^ 
C*«K:J:oTA/D^ft«S3^siaT■r*c^««i^ 

[0 04 9] filSOfccfcMC, 2-4©@<DSEp1 

B4^-6©1f^A/D=i>^-^9«l b-; FfcLbDTE 

[oo5o] c<dj: 9«c, *mm&mtc<t:ti&. &CF<D 
~5cctet>-c r^nyAAfi#Vin*fctt«rs©H» 

3, 4(DH^T>^1 KDffi^i, -e<DSO[pIg§3-5 
«*UtLSBW*<ftott>. t^A/Da>;<- 

[0 0 5 1] (2) H*T>^1 1 Ofttt^otl^tB 
ajWt^^^3 1 K 1 ■# «J 5/ 'J a>*l*8fflt 4C 4 

[0052] o) a»r>^i i o*>^u >yi»jS 

Rli;aOHB3^5©1f^A/D3>^-*9©^ 
7'1 h£*£<T£d£g#frt> 0 o£ 
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fa$*i& 0 fie-^r, HiriBiy/c©©raH%iniii"rsc4*j 

[0 05 3 ] (4) l/7 7l/>^IE^$flt$n^,/c 

a/d3>^-* i©»wniflE»«fii±-r*. ee-? 

10 [0 054] (5) A/D3>M-^iiCMOSDy? 

[0 05 5] (1) 4*©l/7rl/>^«E«Vrbl,V 
rtl,Vrb2,Vrt2 **ft*ft»HI<D=l >f>ttf* ? 

[0 0 5 6] (2) l-4J3g<D&0K3-6SCtSMH 

(3) *^A/D3>^>9t77 ^^**SC«^© 
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